ABSTRACT Animal welfare is of considerable importance to European consumers and citizens, this being most recently confirmed in EU barometer studies. Researchers and others have long proposed that animal-based measures (measures taken on animals, e.g. their health and behaviour) can provide a valid indicator of animal welfare; since welfare is a characteristic of the individual animal. Therefore, a welfare assessment can be essentially based on animal-based measures, but with use of resource measures to provide the capacity to assess 'risk factors'. The first goal of this project was to develop a welfare monitoring system that enables assessment of welfare status through standardised conversion of welfare measures into accessible and understandable information. The acquired information on one hand provides feedback to animal unit managers about the welfare status of their animals, and on the other, information on the welfare status of animal-related products for consumers and retailers. The second goal of Welfare Quality Ⓡ was to improve animal welfare by minimising the occurrence of harmful behavioural and physiological states, improving human-animal relationships, and providing animals with safe and stimulating environments. The different measurable aspects of welfare to be covered are turned into welfare criteria. The criteria reflect what is meaningful to animals as understood by animal welfare science. Once all the measures have been performed on an animal unit, a bottom-up approach is followed to produce an overall assessment of animal welfare on that particular unit: first the data collected (i.e. values obtained for the different measures on the animal unit) are combined to calculate criterion-scores; then criterion-scores are combined to calculate principlescores; and finally the animal unit is assigned to a welfare category according to the principle-scores it obtained.
INTRODUCTION
Animal welfare is of considerable importance to European consumers and citizens this being most recently confirmed in EU barometers (EC, 2005) . Consumers expect their animal-related products, especially food, to be produced with respect for the welfare of the animals (Kjarnes and Larvik, 2007) .
Researchers and others have long proposed that animal-based measures (measures taken on animals, e.g. their health and behaviour) can provide the most valid indicators of animal welfare; since welfare is a characteristic of the individual animal Main et al., 2003 , Spoolder et al., 2003 . Therefore, a welfare assessment would best be essentially based on animal-based measures. It is however clear that resource and management-based measures can be used to identify risks to animal welfare (i.e. risk factors used to help diagnose causes of poor welfare), but should contribute to a welfare assessment only if they are closely correlated to animal-based measures.
The trends in society and animal welfare science were combined in a successful application for an Integrated Project within the 6 th EU programme called Welfare Quality Ⓡ (WQ). The first goal of this project was to develop a welfare monitoring system that enables assessment of welfare status through standardised conversion of welfare measures into accessible and understandable information. The acquired information on one hand provides feedback to animal unit managers about the welfare status of their animals, and on the other, information on the welfare status of animal-related products for consumers and retailers.
The second goal of Welfare Quality Ⓡ was to improve animal welfare by minimizing the occurrence of harmful behavioural and physiological states, improving human-animal relationships, and providing animals with safe and stimulating environments.
One specific aim was to develop an integrated, standardized, and wherever possible animal-based methodology for the assessment of welfare, the Welfare Quality Ⓡ protocols (Veissier et al., 2008) . The chosen animal species, based on their economic and numeric importance, are pigs, poultry and cattle. In addition, the focus has been on the production period of the animals' life (i.e.
on farm/transport/slaughter). During development of the welfare assessment it was decided that a common approach across animal species should be used as much as possible.
The protocol comprises a description of each of the measures to be carried out by the assessor, followed by a table in which the sampling order, sample sizes and sample duration is presented (i.e. 'collection of data' paragraphs). The scoring scheme can also be used to provide feedback to the animal unit manager or for other parties, such as consumers or retailers (Botreau et al., 2007) . The way the measures are integrated and combined to provide this scoring information is described in the evaluation and information protocol part of the document (i.e.
'calculation of scores' paragraphs). Welfare Quality Ⓡ has developed an assessment system to enable overall assessment of welfare and the standardised conversion of welfare measures into summary information.
The welfare assessment related to a specific animal unit ( Fig.   1 ) is based on the calculation of welfare scores from the information collected on that unit. An advisor can use the welfare assessment to highlight points requiring the animal unit managers' attention. The information can also be used to inform consumers about the welfare status of animal products.
The protocol address animals at different stages of their lives and/or in various housing systems. It can cover the rearing and ․Welfare criteria should be applicable to all farm animal species.
․Criteria should be grouped according to how they are experienced by the animals. For instance, poor resting areas may lead to abnormal behaviours and to injuries, with the former resulting in discomfort and the latter in pain. Hence, these two aspects are considered separately. In contrast, injuries, whatever their cause, are grouped together because they all have the potential to result in pain.
․Trade-offs within a given criteria may be allowed but should be limited between items. For example, good human-animal relationships do not compensate for a lack of social contact between animals (Raussi et al., 2003) .
Each principle comprises two to four criteria. Criteria are independent of each other and form an exhaustive but minimal list. As a result of this process, twelve welfare criteria were identified; these were subsequently grouped into four main principles to ease their aggregation within the overall assessment. A top-down approach is followed to decide on what measures are needed to check these welfare criteria. In general, these criteria are valid throughout an animal's entire lifespan. Welfare principles and criteria are summarized in Table 1 .
More detailed definitions of welfare criteria are described below. Once all the measures have been performed on an animal unit, a bottom-up approach is followed to produce an overall assessment of animal welfare on that particular unit ( Fig. 3 ): first the data collected (i.e. values obtained for the different ․Foot pad dermatitis (or pododermatitis) is a contact dermatitis found on the skin of the foot, most commonly on the central pad, but sometimes also on the toes. The skin is turned dark by contact with litter and consequently deep skin lesions can result. The scoring scale allows an assessment of the severity of these lesions.
․During three separate recording periods of five minutes, score a proportion of the birds passing the observation point where the foot pad is visible -this will provide a sample of n (line speed birds per minute (ls) x number of minutes (t)).
Observe the birds where bottom of the feet are clearly visible. measures on the animal unit) are combined to calculate criterion-scores; then criterion-scores are combined to calculate principle-scores; and finally the animal unit is assigned to one welfare category according to the principle-scores it obtained (see Table 2 and Fig. 4 ). A mathematical model has been designed to produce the overall assessment.
Welfare Quality Ⓡ scientists are aware that the production of an overall assessment of animal welfare is by nature bound to ethical decisions, e.g. on whether we should consider the average state of animals vs. the worst ones, whether we should consider each welfare criteria separately vs. together in a more holistic approach, or whether a balance between societal aspirations for high welfare levels and the realistic achievements of such levels in practice should be achieved. Welfare Quality scientists did not sort these ethical issues themselves. They consulted a number of experts, including animal scientists, social scientists, and stakeholders and the mathematical model was then fine tuned according to their opinions.
CALCULATION OF CRITERION-SCORES
Experts from animal sciences were consulted to interpret the raw data in terms of welfare. When necessary, alarm thresholds and the relative importance of the different measures were defined with them. Then experts were asked to score virtual datasets. In case weighted sums were to be calculated, this consultation was used to define weights that produce the same ranking of farms as the one given by experts.
The experts never followed a linear reasoning, e.g. for a
given anomaly a 10 % increase in that anomaly did not yield the same increment in expert scores at the bottom of the [0, 100] scale (where most animals were already not normal) than at the top of the scale (when all animals were normal). It was therefore necessary to resort to non-linear functions to produce criterion-scores, in this case I-spline functions. I-spline functions allow calculation of portions of curves so as to obtain a resulting smooth increasing curve. They are expressed in the form of cubic functions.
The % birds moderately affected by foot pad dermatitis (% pododermatitis 1) and the % birds severely affected by foot pad dermatitis (% pododermatitis 2) are used to calculate an index:
Ip is turned into a score Sp using I-spline functions 
CALCULATION OF PRINCIPLE-SCORES FROM CRITERION-SCORES
Criterion-scores are synthesized to calculate principle-scores.
For instance, the scores obtained by an animal unit for absence of hunger and absence of thirst are combined to reflect compliance of this unit with the principle 'good feeding'. Animal and social scientists were consulted. They considered some criteria more important than others (e.g. absence of thirst is considered to be more crucial than absence of hunger) but they nevertheless do not accept compensation between scores (e.g.
absence of thirst does not compensate hunger and vice versa).
A specific operator (Choquet integral) was used to take into account these two lines of reasoning. Briefly, the Choquet integral calculates the differences between minimum scores and the next ones and attribute a weight (called 'capacity') to this difference according to what sub criteria are concerned.
For instance, the principle-score for 'Good health' integrates the 3 criterion-score for 'Absence of injuries', 'Absence of disease', and 'Absence of pain due to management procedures'.
First the scores are sorted in increasing order. The first score is considered, and then the difference between that score and the next one is multiplied by the capacity of the group made of all criteria except the one that brings the lowest score.
ASSIGNMENT OF ANIMAL UNITS TO THE WELFARE CATEGORIES
The scores obtained by an animal unit on all welfare principles are used to assign that farm to a welfare category. At that stage, animal scientists, social scientists, and stakeholders, were consulted. The stakeholders were members of the Advisory committee of Welfare Quality Ⓡ . Four welfare categories are distinguished to meet stakeholders' requirements:
Aspiration values are defined for each category (Fig. 5) . They represent the goal that the farm should try to achieve to be assigned to a given category. A farm is excellent if it scores more than 55 on all principles and more than 80 on two of them, it is enhanced if it scores more than 20 on all principles and more than 55 on two of them, it is basic if it scores more than 10 on all principles and more than 20 on three of them, else the farm is not classified (Fig. 5) .
Excellent: the welfare of the animals is of the highest level.
The animal unit may correspond to a niche market, via a label ensuring to consumers very high quality products (this label could be dedicated to animal welfare);
Enhanced: the welfare of animals is good (but not excellent). Good practices are applied and are sufficient to ensure a good level welfare within a more general quality labelling system. Acceptable (or basic): the welfare of animals is acceptable (i.e. above minimal requirements defined for a compulsory label), but insufficient for the animal unit to enter a certification scheme based on specific 'respect for animal-welfare';
Not classified: the welfare of animals is low and considered unacceptable. Before commencing farm visits, assessors will have been fully trained in all the measures that are to be assessed using photographs, video clips and practical 'on farm' training. For some of the health measures, this training will involve recognition of symptoms of certain conditions/diseases; however it is imperative that this document is not used as a diagnostic tool to identify individual health conditions, but rather as a tool to highlight the presence of health problems affecting the welfare of animals. The assessor should not enter into discussions with the animal unit manager on the prevalence or severity of different diseases on their farm; this is a matter for the animal unit manager and the herd veterinarian (Butterworth et al., 2008) .
Additionally, in general, the role of the assessor is to assess, and is not to advise directly. Using the animal based measures proposed in the Welfare Quality Ⓡ project, the farmer can be informed about the welfare measures on his farm, and, with time, and after analysis, a pattern of risk factors may emerge which allow the farmer to make specific management decisions which can reduce these. It may be possible to use the information gathered during the inspection, or resulting from a 'rolling accumulation' of data on the farm, and provide this to retail purchasers and to consumers.
The potential for differentiated product pricing or selection of 'upper level' producers by the purchasing teams working for retailers may offer the potential for increased income for farmers who work to a higher level. Ultimately, product differentiation may offer a route to both increased profitability and improved welfare against a background of an intensely competitive global farm economy. 
